Introduction
Annually, approximately 710 5 tons of dyes are produced, and approximately 710 4 tons/year are discarded by industries, including the textile, rubber, food, paper and plastic industries [1] [2] [3] Because of their high organic matter concentrations and their intense colors, the effluents discarded by the food industry are an important source of pollution for water bodies. When discharged into streams, these effluents reduce the transmission ofsunlight into the depleted dissolved oxygen zone [4] [5] [6] and may cause changes in aquatic biota (particularly near the release point).Thus, it becomes necessary to remove these materials before they are mixed with natural and unpolluted water bodies [2] .
The removal of color from wastewater is a major environmental problem because it is difficult to treat colored wastewaters with conventional methods [3] .
Among the various types of processes for dye removal (physical, chemical, biological methods, electrochemical oxidation and adsorption methods), the adsorption process is one of the most efficient [7] [8] [9] [10] . Activated carbon is the most popular adsorbent due to its high adsorption capacity for organic and inorganic pollutants [4] .Moreover, the use of low costmaterials for adsorption has attracted attention as a color removal technique. For example, natural clays, bagasse fly ash, chitosan and other adsorbents have been used [10] [11] [12] [13] [14] .
Layered double hydroxides (LDHs), also known as hydrotalcitelike compounds, have attracted considerable attention in recent years because of their potential industrial uses, which include their use as adsorbents, ion exchangers, catalysts and drug carriers [15] [16] [17] .
It is from this perspective that our research is interested in the removal by adsorption of a class of textile dye that is common and widespread worldwide. Indeed bleaching is carried out using a mixed oxide of the LDH as adsorbent, given its high adsorption properties in comparison to its uncalcined precursor.
These compounds which are a class of layered compounds that are derived from the structure of mineral brucite, Mg(OH) 2 Figure. 1.Chemical structure of orange 7 dye acid (AO7)
Analysis and characterization
Chemical compositions of metals were determined by ICP (Induced coupled plasma (ICP) measurements)Emission Spectrophotometer. IR spectra were recorded in the range of 4000-400 cm −1 byFT-IR-8400S SHIMADZU spectrometer using KBr pellets (2%).
The anionic clay was characterized by X-ray diffraction using 2 -D-diffractometer of Bruker-AXS PHASER using copper K α1 radiation (1.54056 Å) and K α2 (1.54439 Å) and Scanning Electron Microscopy (SEM) (type FEI Quanta 200). The dosage was carried (λ= 483nm) out by spectrophotometry using a spectrophotometer type RAYLEIGH-Vis Spectrophotometer 7220G.
Batch Adsorption Studies
These experiments were performed by contacting 20 mg of HT500 with 50 ml of AO7 effluent at desired contact time, pH, adsorbent mass and initial AO7 concentration.
Once the equilibrium time was reached, the adsorbent was recovered by centrifugation. The amount of AO7 retained per unit mass of solid at equilibrium is calculated by:
Where q e (mg/g) is the amount of AO7 adsorbed per gramof adsorbent; m (g) is the mass of the adsorbent, C 0 and C e (mg/L) are the AO7 concentrations respectively at t = 0 and at equilibrium. The AO7 removal efficiency or AO7 uptake (%) is calculated by: (% AO7) =100 (C 0 -C e )/C 0 i.e., (2) III.
Results And Discussion
Characterizationof LDH precursor 3.2.1. X-ray diffraction
The typical XRD pattern ( Fig. 1) shows a lamellar structure of LDH material. The XRD patterns were indexed in theR-3m space group, c the lattice parameter corresponding to three times theinterlayer distances (c=3d 003 ).The peak (110) indicates the intermetallic distance used to calculate a lattice parameter (a=2d 110 ).
The values of the parameters c and a are respectively 23.13 and 3.02Ᾰ.These values are similar to those reported in literature [19] [20] .
Figure.2. X-ray diffraction patterns of HT

Infrared Spectroscopy
The IR spectra of synthesized anion clays (Fig 2 ) resemble those of other hydrotalcite -like phases [19] : The band at 3463 cm -1 which could be attributed to the stretching vibration of hydroxyl group.The low intensity band at 1637 cm -1 is assigned to bending vibration of strongly adsorbed water (solvation water for compensating anion vibration).
The band at 1381 cm -1 is assigned to carbonate vibration (CO 3 2-), the bands at 672 and 436 cm -1 are respectively due to M-O and O-M-O related to LDH layer (M is a divalent or trivalent metal).
Figure.3. FTIR spectra for HT
Batch Adsorption Studies 3.3.1. Effect of contact time
The contact time between the pollutant and the adsorbent is an important parameter in treatment by adsorption. Fig. 4 shows the effect of contact time between the HT500 and AO7 dye solutions (40 and 80 mg/L). Thus, Rapid adsorption and equilibrium in a short period of time is related to the efficacy of the adsorbent, especially for wastewater treatment [10, 11] .
Rapidabsorptioncan be associated withtheexistenceof a large numberof vacantsites at the surfaceofHT500andavailablefor adsorption. Equilibrium is reachedaftersaturationofthe entire surface. Furthermore, most of the adsorbate species are physically adsorbed within a short time frame. However, strong chemical bonds between the adsorbate and the adsorbent require a longer contact time to achieve equilibrium [11] Figure. 4 .Effet of contact time on the uptake of AO7 by HT500, m adsorbent =20mg, V= 50 ml,T=25°C,pH=6
Theadsorption kinetic was analyzed by the pseudo first-order equation [21] , i.e., (3) or pseudo-second order [22] [23] , i.e., (4) . ln(q e -q t ) = ln(q e ) -t.K 1,ads i.e., (3) t∕q t = t ∕q e + 1 ∕( q e 2 . K 2,ads ) i.e., (4) q e and q t are the amounts of AO7 adsorbed by HT500 respectively at equilibrium and t, K 1,ads and K 2,ads ,the adsorption constants.The experimental equilibrium data can be fitted by i.e.. (3) and (4), the value of R 2 indicates that AO7adsorption is successfully fitted by pseudo-second-order model. By comparing the two models, we can say that the adsorption kinetics of AO7 by HT500 obeys a law of pseudosecond order.
Intradiffusion
The intra-particle diffusion approach [24] can be used to predict if intra-particle diffusion is the ratelimiting step. The experiment data exhibit multi-linear plots, revealing that the process is governed by two steps (Fig. 6) . The first linear portion (phase I) at both concentrations can be attributed to the immediate utilization of the available sites on the sorbent surface. In contrast the phase II may be attributed to very slow diffusion of the sorbate from the surface site into the inner pores. Thus the initial portion of AO7 dye sorption by HT500 may be governed by the initial intra-particle transport of AO7 dye controlled by surface diffusion process and the later part controlled by pore diffusion. The values of k ip1 and k ip2 (diffusion rate constants for phases I and II, respectively) obtained from the slope of linear plots are listed in Table 2 (Weber and Morrismodel).
Figure.7.Intra-particle diffusion plots of sorption of AO7 on HT500.
Table2.Parameters of Weber and Morrismodel
Effect of adsorbent mass
The influence ofadsorbent mass was studied in the range 5 to 100 mg. Fig 8 shows that, for a concentration of AO7 40 mg/l, for a time equilibrium (t e = 34mn), an increase of adsorbent mass from 5mg to 100 mg causes a decrease of the residual concentration (Ce) from 16 mg to 0,46 mg/.Thus, optimal adsorbent mass of HT500 is 20 mg to remove97 %.of AO7. 
Effect of pH
Several parameters such as adsorption capacity of adsorbent, surface charges and active sites may be attributed to the adsorption behavior of the adsorbent at various pH.
The surface of HT500 contains a large number of active sites. The dye uptake can be related to the active sites and also to the chemistry of the dye in the solution. Theoretically, at pH <point of zero charge (PZC), the surface gets positively charged, which enhances the adsorption of the negatively charged dye anions through electrostatic forces of attraction. At pH >(PZC), the surface of HT500 particles gets negatively charged, which favors the adsorption of cationic dye [25] . These results are similar to the adsorption of Congo Red onto Mg-Fe-CO 3 -LDH. [26] . Fig. 10 shows the behavior of the adsorption isotherm of AO7 dye in HT500. We observe that the adsorbed amount of AO7 increased rapidly from 74,58 to 148,37 mg/g at a relatively low AO7 initial concentration (from 30 to 60 mg/L). The initial sharp rise in the isotherm indicates the availability of readily accessible sites for adsorption. However, site saturation occurs as the AO7 concentration increases (from 80 to 120 mg/l) and a plateau is reached indicating that no more sites remain available for adsorption following the saturation of the adsorbent sites taken at a fixed dose, and this happens when the adsorption equilibrium is reached [27] .The model of the isotherm (isotherm type I) obtained is similar to the mathematical model of Langmuir.The sorption data was further analyzed using Langmuir model (Fig.11) , which can be expressed as follows:
Adsorption isotherm
C e / Q = C e / Q m + 1/ K Q m i.e.. Table 3 shows values constants of Langmuir.The maximumamount absorbedper unit mass of ouradsorbent whichisin the order of328.94mg/gis large enoughcomparedto those foundin the literature (Table4). Table 3 .Parameters of Langmuir for the retention of AO7byHT500
The influence of adsorption isotherm shape has been discussed [28] to examine whetheradsorption is favorable in terms of 'R L ', a dimensionless constant referred to as separation factor or equilibrium parameter. 'R L ' is calculated using the equation below:
R L =1 /1+KC 0 i.e.. 
Retention mechanism
The intraparticle diffusion, the maximum absorbed and obtained amount and the calculated value of R L (Type equilibrium) assume that the retention of AO7 by HT500 is a reconstruction reaction, usually encountered when contacting a HDL mixed oxide based on magnesium and aluminum with an anion [34] . In this case the retention mechanism makes a dye adsorption at the surface and by intercalation within the regenerated HDL.
This result is confirmed by the characterization of the product recuperated after adsorption by SEM and XRD. In effect, the X diffractogram obtained (Fig 12) shows the shape type of a HDL. Thus, the interlamellar distance of the order of 7.9406 Ᾰ is raised in accordance with a parallel arrangement by the interposed HDL and AO7.
Regeneration HT-AO7 was also confirmed by SEM. Indeed, SEM photographs taken at the same scale, obtained before and after adsorption, are reported respectively (Fig 13 and 14) .The SEM micrograph of the HT500 revealed the collapsed layer structure, which further indicated that the HT transforms to mixed magnesium and aluminum oxides. While the plate of Fig 14 corresponding to the after adsorption of AO7 shows the presence of interlamellar sheet confirming the formation of HT after reaction of reconstruction. 
IV. Conclusion
The results of the tests conducted during this study allowed us to optimize the parameters of adsorption of the dye AO7 by HT500 prepared, namely the equilibrium time, pH, dose of the adsorbate and the mass of the adsorbent.
he results related to the kinetics and adsorption isotherms have been exploited to clarify the method of fixing the dye on the adsorbent. Adsorption of AO7 on HT500 follows the pseudo second-order model. The intra-particle diffusion approach can be used to predict if intra-particle diffusion is the rate-limiting step. The adsorption isotherm results could be fitted by the Langmuir isotherm model, which is a better model. The equilibrium parameter0 < R L < 1 represents a favorable adsorption. The dye molecules are then adsorbed monolayers, without dye-dye interactions, thereby increasing the order of their distribution on the surface. The maximum amount of dye retained mg/g of adsorbent which is in the order of 328 mg / g shows a high efficiency of our adsorbent. The results of XRD, and SEM, demonstrate that the main adsorption mechanism involves the rehydration of mixed metal oxides and concomitant intercalation of AO7 dye into the interlayer to reconstruct the initial HT structure.
